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Abstract:Time series data are of great importance formon-
itoring vegetation phenology in the dry sub-humid regions
where change in land cover has influence on biomass pro-
ductivity. However few studies have inquired into exam-
ining the impact of rainfall and land cover change on
vegetation phenology. This study explores Seasonal Trend
Analysis (STA) approach in order to investigate overall
greenness, peak of annual greenness and timing of an-
nual greenness in the seasonal NDVI cycle. Phenological
pattern for the start of season (SOS) and end of season
(EOS) was also examined across different land cover types
in four selected locations. A significant increase in over-
all greenness (amplitude 0) and a significant decrease in
other greenness trendmaps (amplitude 1 and phase 1) was
observed over the study period. Moreover significant pos-
itive trends in overall annual rainfall (amplitude 0) was
foundwhich follows similar patternwith vegetation trend.
Variation in the timing of peak of greenness (phase 1) was
seen in the four selected locations, this indicate a change
in phenological trend. Additionally, strong relationship
was revealed by the result of the pixel-wise regression be-
tween NDVI and rainfall. Change in vegetation phenology
in the study area is attributed to climatic variability than
anthropogenic activities.
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1 Introduction
The timing of a specific biological phase such as flowering,
leaf growth, leaf fall (growth and senescence) and their
causes can be described as phenology [1–4]. Vegetation
phenology has a close relationship with climatic variabil-
ity [5] which has influence on the timing of plant growth
and development especially in the dry sub-humid region
of Africa [4] Abrupt or seasonal change in vegetation phe-
nology may have effect on water, carbon and energy cy-
cle which might in-turn influence global climate change
and net primary production [4, 5]. However, human activ-
ities such as indiscriminate felling of trees, extensive agri-
cultural practices, overgrazing and climate variability are
some of the factors which might cause change or shift in
vegetation phenology [1, 6–8].
As human population increases, spatio-temporal in-
formation on phenological change dynamics through the
use of earth observation datasets is important [9, 10] most
especially in Nigeria where obtaining up to date datasets
is a challenge. The dry sub-humid region of Nigeria have
experience noticeable vegetation cover transition due to
large scale land use and land cover transformation over
the last few decades [11, 12]. It is evidenced from the re-
port of Global Forest Resource Assessment that the total
forested area in West Africa as of 1990 was 91,589,000
hectares while it reduces to 81 979,000 hectares and 73
234,000 hectares in year 2000 and 2010 respectively [13].
This indicates an annual rate of change of −1.10 % in
1990–2000 and −1.12% in 2000–2010 [13]. Similarly, the
report of Forestry Outlook Studies in Africa [14] show that
Nigeria forest are being depleted at an annual rate of 3.5
% due to encroachments and other form of land use such
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as cropland expansion, grazing and urbanization. Change
in land use land cover across Nigeria was revealed by the
study of Adeofun et al. [8] using national land-use/land-
cover classification data of 1995. It is reported in this study
that several physiognomic units of Nigerian’s vegetation
have assume identities different from the descriptions of
the past [8]. Increase perturbation of natural forest cover
such as forest fragmentation by government road projects,
increase in fuel-wood and timber consumption, popula-
tion increase, and livestock production and climatic vari-
ability have been quite instructive in the new vegetation
cover characterization observed throughout the country.
Osunmadewa et al. [15] pointed out that there is a signifi-
cant shift in landuse land cover acrossNiger state. In order
to proficiently understand climate-human induced pheno-
logical change, the use of remote sensing datasets which
can provide long-term information on vegetation produc-
tivity at global and regional scale is needed [16–18]. In this
context, a commonly used index for monitoring vegeta-
tion productivity is the Normalized Difference Vegetation
Index (NDVI) which provides information on the amount
and vigor of vegetation from the near infrared (NIR) and
visible red bands of the electromagnetic spectrum [19, 20].
Several studies revealed that time series ofNDVIhave been
used for monitoring interrelationship between NDVI and
rainfall in the semi-arid and Sahelian zone [21–23]. Strong
dependency of NDVI on rainfall was revealed by the study
of Wessollek et al. [24] in the semi-arid region of Nige-
ria. High correlation between NDVI and rainfall was also
revealed by the study of Schmidt and Gitelson [25]. Al-
though many studies have used NDVI to monitor vegeta-
tion phenology at global and regional scale [4, 26, 27] few
or no study on vegetation phenology used long term NDVI
time series, its relationship with climate variable (rain-
fall) and land use land cover change has been carried out
in this ecological zone. Thus, the use of remotely sensed
dataset such as Advanced Very High Resolution Radiome-
ter (AVHRR) i.e NDVI3g can be used to analyze change in
vegetation phenology in the dry sub-humid region of Nige-
ria where this method have not been fully utilized. The
aims of this study are to examine the spatio-temporal pat-
tern of vegetation phenology, its relationwith rainfall from
1983–2011 and the impact of land use change on the shift
in vegetation pattern. This study provides in-depth knowl-
edge of climate-human induced vegetation change over a
long period as this enhances understanding of vegetation
dynamics in the dry sub-humid region of Nigeria for better
use of policy options for environmental monitoring.
2 Materials and Methods
2.1 Study area
This study focused on Kwara state in the middle belt re-
gion of Nigeria where significant environmental changes
are visible. The state geographically shares boundary with
Niger state to the North, Oyo, Osun and Ekiti to the south
and Kogi state to the east and lies between latitudes 8∘–
10∘N and longitude 3∘–6∘E. Kwara state is bounded by
River Niger from the east to the North and it is often re-
ferred to as savannah ecotone because it forms the tran-
sition zone between forest and savannah region of Nige-
ria [28, 29]. The state covers an area of about 36,825 square
kilometer with population of 1548412 (in 1991), 2365353
(in 2006) [30] and population density ranging from 20-120
people per km2 as shown in Fig. 1.
Figure 1: Population density of the study area for 2010 and 2014
(Data is 100 × 100 m)
Source: www.world population.org.UK [31]
Theannual rainfall of Kwara state is between 1000mm
to 1500mmwithdouble rainfall peaks in June andSeptem-
ber [28, 32]. The region is characterized by two season’s
namely dry and wet season, the raining season begins in
March and ends in October while the dry season begins in
November and ends in February. The temperature is be-
tween 25∘C–30∘C inwet season and 33∘C0-34∘C in dry sea-
son. The soil is mainly classified as ferruginous tropical
soils and support crop production [33]. The vegetation is
mainly forest and savanna and it constitutes about 47.78%
and 35.04% respectively [29]. The common tree species
found in this region includesVitellaria paradoxa (sheabut-
ter), Acacia spp, Parkia spp, Afzelia Africana, Terminalia
spp. Kwara state enjoys favorable climatic conditionwhich
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supports the growth of tall grasses such as Andropogon
gayanus, Ageratum conyzoides (goat weed grass), Pennise-
tum purpureum (elephant grass) and Heteropogon contor-
tus (Spear grass) [34]. Due to the increasing rate of anthro-
pogenic activities in this region, assessment of change in
vegetationphenology is very important. Figure 2 shows the
mean monthly NDVI pattern of the study area from 1983-
2011 as derived from the
Figure 2: Location of the study area showing selected areas
across different land cover types in Kwara state, Nigeria (a) open
broadleaved deciduous forest/woodland, (b) Cropland, (c) shrub-
land and (d) grassland.
Source. www.GADM.org [35]
2.2 Datasets
Bi-weekly NDVI 3g datasets (15 days composite) from
Global Inventory Modeling and Mapping Studies with
spatial resolution of 8 km was used in this study
(https://ecocast.arc.nasa.gov/data/pub/gimms) for
the annual phenological assessment from 1983-2011. The
decomposition and reconstruction of the NDVI datasets
had already been done in order to correct solar zenith
angle, orbital drifts or artifacts such as volcanic aerosols
which might cause systematic trends in the datasets
using a technique known as Empirical Mode Decom-
position (EMD), this makes it different from the older
version of NDVI product [27, 36–38]. The longer span of
the new NDVI3g datasets (more than 30 years) makes
it suitable for monitoring seasonal vegetation trends in
the dry sub-humid region of Nigeria where technical
resources and adequate information about change in
vegetation phenology is limited. The second data used
in this study is the Tropical Applications of Meteorol-
ogy SATellite (TAMSAT) which is basically for Africa
(https://met.reading.ac.uk/tamsat/data). The monthly
rainfall datasets had been calibrated using historic rain
gauge records, and it has a spatial resolution of 4 km [39].
GlobCover 2000 and 2009 datasets from the European
Space Agency (http://www.esa-landcover-cci.org) was
used in this study in order to have in-depth under-
standing of vegetation change dynamics across different
land cover types. The global land cover map for 2009
has a spatial resolution of 300 m and it is derived from
MERIS sensor on ENVISAT while the 2000 global land
cover has a spatial resolution of 1km and is derived from
SPOT-Vegetation [40].
2.3 Methods of image pre-processing
All the datasets used in this study were reprojected to
the Universal Transverse Mercator (UTM) and subsets of
the satellite imagerywere created using the administrative
boundary of Kwara State. Prior to the Seasonal TrendAnal-
ysis (STA), the bi-weekly NDVI composite data were aggre-
gated to amonthly composite usingMaximumValue Com-
posite (MVC) method which further reduces noise in the
time series [41]. The rainfall data was resampled to 8 km
spatial resolution in order to match with the spatial reso-
lution of using bilinear interpolation resampling method.
The global land cover map of 2009 was resampled to 1km
resolution so as to merge with the same spatial resolution
of the 2000 global land cover. The land cover class for both
mapswas aggregated to sixmajor classes, an overlay anal-
ysis was applied to identify the change matrices for the
time period of 2000 to 2009. Assessment (STA) was per-
formed using three approaches as described below.
2.3.1 Analysis of seasonal trend
Change in NDVI trend across the dry sub-humid region
of Nigeria was analyzed using STA approach as described
by Eastman et al., 2009. This method was selected based
on its ability to detect seasonal signals in any time series
datasets whilst rejecting noise and inter-annual variabil-
ity [42, 43]. STA uses two stages of time series analysis to
detect NDVI trend. This stage is then preceded by visual-
ization of the produced image (amplitude and phase im-
age) at the final stage [42]. STA performs harmonic regres-
sion of annual (yearly) images in the time series as de-
scribed in equation 1. In the first stage of analysis, each an-
nual imagery in the time series (1983-2011) are subjected to
harmonic regression in order to approximate the seasonal
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curve thereby producing five greening parameters, ampli-
tude 0 (annual mean image), amplitude 1 and phase 1 (an-
nual cycle), amplitude 2 and phase 2 (the semi-annual cy-
cle) [42, 44, 45]. The overall greenness (mean annual NDVI
for each year) is described as Amplitude 0, the magnitude
of peak of annual greenness as amplitude 1, while the tim-
ing of annual peak of greenness is referred to as phase
1 [44]. An increase or decrease in phase 1 indicates shift
in the timing of greening event to an earlier or later time
of the year respectively. The generalized equation for the
harmonic regression is presented as follows:
y = α0 +
∑︁
n
{︂
an sin
(︂
2pint
T
)︂
+ bn cos
(︂
2pint
T
)︂}︂
+ e (1)
where t is referred to as time, y is the series value, T is the
length of the time series, n is a harmonic integer multi-
plier, e is error term, α0 is themean of the time series while
an and bn are regression parameters. The harmonic regres-
sion curve can also be expressed as:
y = α + 0 +
∑︁
n
αn sin
(︂
2pint
T + φn
)︂
(2)
after the term of equation (1) had been rearranged and er-
ror term had been omitted or ignored. Hence, αn and φn
are referred to as amplitude and phases [42].
In the second stage of the analysis, annual trends in
the greenness parameters are calculated [42]. This stage
involves the calculation of annual trends in the greenness
parameters (amplitude 0, amplitude 1 and phase 1) using
Theil Sen trend detection estimator. Theil-Sen (TS) trend
estimator is a robust non-parametric technique which cal-
culates all pairwise combination of images in time, it takes
the median of all slopes to generate trend images for each
of the greenness parameters [46–48]. The TS trend estima-
tor is insensitive to outliers and it has a breakdown bound
of 29% [42, 43, 49, 50]. This simply implies that the val-
ues of the TS slope tolerate outliers up to 29% of the ob-
servations used in the time series without degradation of
its accuracy [44, 51]. STA was also applied to the rainfall
(TAMSAT) data for better comparison with NDVI.
2.3.2 Significance test of STA using Contextual
Mann-Kendall (CMK)
Trends in vegetation dynamics for each pixels (NDVI time
series) was statistically examined in order to identify areas
undergoing similar trends [44]. In order to evaluate the sig-
nificance of trends during the Theil-Sen slope calculation
(see section 2.3.1), a non-parametric statistic test known
as Contextual Mann-Kendall (CMK) was applied [52]. CMK
test is resistant to outliers and uses similar approach like
that of Mann-Kendall [52]. To perform CMK test, three
stepwise approach are involved. The first step account
for the elimination of serial correlation in the NDVI and
rainfall time series which might have influence on the
trend test using a method known as prewhitening [44, 53].
Prewhitening removes serial correlation from the residuals
of both NDVI and rainfall while maintaining the trends in
the dataset [55,56]. The trend in the prewhitened series is
similar to the original data while having no serial correla-
tion [53]. In the 2nd stage, trend consisting of 3 × 3 neigh-
borhood around each pixel are evaluated, while in the 3rd
stage, the calculated 3 × 3 neighborhood result which is
produced in the 2nd stage was used for calculating spatial
autocorrelation [44]. The result of the CMK trend test are
in the form of image i.e statistical p-value and z score each
describing statistical significant trend (positive and nega-
tive trend) in the greenness parameters (amplitude 0, am-
plitude 1 and phase 1). Generally, a positive z score indi-
cates upwards trendwhere as a negative z score represents
a downwards trend [52].
2.3.3 Interpretation of phenological curve
An interpretational approach as described by Eastman et
al, 2009was used to describe variation in the start and end
of the series based on the slope and the intercept of the five
harmonic parameters (amplitude 0, amplitude 1, phase 1,
amplitude 2 and phase 2) across different land cove types
for selected locations. The selected locations were sam-
pled on a single pixel base (64 km2), seasonal curve for
the beginning and the end of the series were produced by
using temporal profile [Eastman, 2012]. The differences be-
tween the two curves indicate resultant changeswhich can
be used to describe trends in the observed phenological
pattern of vegetation which are useful for environmental
studies andecosystemmonitoring [27, 44]. The termgreen-
up and green-downare used inter-changeably to represent
the starts of season (SOS) and end of season (EOS) respec-
tively.
3 Results and discussion
3.1 Spatial analysis of vegetation trend
pattern
Time series of (NDVI) from 1983-2011 was used to provide
information on vegetation dynamics in the dry sub-humid
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Figure 3: Spatial map of Kwara State showing the result of the Con-
textual Mann-Kendall statistical significance (p-value) calculated
from GIMMS NDVI3g data for 1983–2011: (a) overall greenness, (b)
peak of annual greenness and (c) timing of annual peak greenness
region of Nigeria. The results of the spatial pattern of sta-
tistical significant trends in overall greenness (amplitude
0), peak of annual greenness (amplitude 1) and timing of
annual peak greenness (phase1) over the study area as
shown in Figures 3a-c. Both positive and negative trends
were observed from the results of the greenness parame-
ters. Positive pixels in the spatial image (significant image)
indicates an increasing trends while negative pixels indi-
cate decreasing trends in vegetation dynamics over the ob-
served period. Significant positive trends in overall green-
ness were observed in Fig. 3a while negative and non-
significant trend pattern are observed for fewer pixels (p<
0.05).
Figure 3b shows significant pattern in peak of an-
nual greenness. Positive trends are observed particularly
in the northern part while negative trend were observed
in the western and southeastern part. Pixels with non-
significant trend in the peak of annual greenness are dis-
tributed across the study area. Figure 3c shows the signif-
icant trend pattern in timing of annual peak of greenness,
more than 90% of the pixels used in this analysis showed
a negative trend, this indicates a shift in the pattern of tim-
ing of annual peak of greenness to a later time, while the
fewer pixels which shows a positive trend indicates earlier
green-up.
Although large clusters of positiveNDVI trends inover-
all greenness (amplitude 0) were observed in the study
area during the examined period (1983–2011) as shown in
Fig. 4, areas with negative NDVI trends for example the
black circle (Fig. 4a) can be attributed to land degradation
due to anthropogenic activities.
Figure 4: Spatial pattern of linear trend of mean annual NDVI for the
period of 1983-2011 (NDVI/month): (a) Annual mean NDVI trends
(amplitude0), (b) p-value
The results of the mean rainfall time series analysis
(amplitude 0) show significant positive trends with vari-
ations in the slope direction (Fig. 5). This variations how-
ever has impact on vegetation phenology.
The result of the spatial regression between rainfall
data and NDVI over the study region is presented in Fig-
ure 6. The result shows a high relationship (coefficient or
determination, R2) between NDVI and rainfall which indi-
cates that rainfall is the main driving force for vegetation
growth in sub-Sahara and tropical regions like Nigeria [5,
56, 57]. Other studies also showed that incoming short-
wave radiation and air temperature are not constraints of
NDVI trends compared to rainfall distribution [54].
Figure 7 shows the result of timing of annual rainfall
(phase 1). Shift to a later time was observe from the result.
This implies that the early months of the year received less
rainfall than the later months of the year. An increasing
or decreasing phase angle depicts a shift to earlier or later
time of the year.
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Figure 5: Spatial pattern of linear trends of mean annual rain-
fall calculated from monthly TAMSAT for the period of 1983-2011
(mm/month): (a) Annual mean rainfall trends (amplitude0), (b) p-
value
Figure 6: Spatial regression of NDVI and rainfall over the study re-
gion for the period 1983-2011, the values indicate pixel-wise R2 of
NDVI vs rainfall
3.2 Visual interpretation of phenological
curves
Four locations were selected to visualize the monthly
mean NDVI profile curves for the beginning and end of the
time series (1983-2011) across different land cover types in
Figure 7: Spatial pattern of Timing of annual rainfall (phase1) calcu-
lated from monthly TAMSAT for the period 1983-2011 (mm/month)
the study region (Fig. 8). The seasonal curves for the exam-
ined years were compared for (a) open broad leave decid-
uous forest/woodland (b) cropland (c) mosaic grassland
and (d) closed to open shrubland as shown in figure 8. Sea-
sonal variation in vegetation cover was observed from the
results of the NDVI curves (phenology) for the selected lo-
cations. The differences between the two curves (1983 and
2011) however indicates changes in trend pattern.
An increase in overall greenness (NDVI) for allmonths
(except August, as there is a decline in 2011 in this month)
was observed for the land cover type (Open broadleaved
deciduous forest/woodland) in location awith an increase
in vegetation productivity in 2011 while decreasing trend
was observed in the other greenness parameter (peak of
annual greenness and timing of annual peak of green-
ness). Themaximumdifferencebetween the two curves oc-
curred in the January months, October, November and De-
cember while minimum difference occurs in March, July,
August and September (Fig. 8a). This location is within the
Borgu game reserve where agricultural activities is not al-
lowed, although some locals still do some illegal cultiva-
tion in the buffer zone of the game reserve.
Location b shows significant increase in overall green-
ness and peak of annual greenness, while a significant de-
creasewas observed in the timing of annual peak of green-
ness for this region. The land cover type in this location
is associated with cropland where intensive agriculture
is being practiced almost throughout the year. The mini-
mum difference between the two curves occurred in June
and September while the maximum difference occurred in
November and December (Fig. 8b).
Location c & d exhibits significant increase in overall
greenness and significant decrease in other greenness pa-
rameters for the study period. Two peak of greenness was
observed from the seasonal curve of both locations (Fig. 8c
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and d). The land cover types in these location are shrub
and grassland respectively, an increase in NDVI produc-
tivity was observed during the growing season, it reaches
its peak in the month of June and gradually decline in
August i.e a short pause in the raining season lasting for
two to three weeks which is known as August break. Min-
imum difference between the two curves (1983 and 2011)
occurred at the start of the growing season (start of sea-
son) in February while maximum difference occurred in
July,August,October,November andDecembermonths for
location c (Fig. 8c). For location d however, minimum dif-
ference occurs in March, April, July and September while
Maximum difference occurred in January, June, and Octo-
ber (Fig. 8d).
Figure 8: Seasonal curves of NDVI for four selected locations in
kwara state (1983 in green and 2011 in red). The graph shows
the year from January through December on the x-axis, and
NDVI × 10000 on the y-axis.
Vegetation greenness in the dry sub-humid region of
Nigeria generally increased over the period of study (1983–
2011), this can be seen from the result of amplitude 0 (sig-
nificance image of overall NDVI greenness) in Figure 3a.
Variation in the phenological trend pattern was confirmed
by the result of the NDVI seasonal curve across different
land cover types in the selected locations.
Change in land use land cover was revealed by the re-
sult of the GlobCover between 2000 and 2009.
Table 1 summarizes the distribution and size of land
cover classes in the year 2000 and 2009. It indicates a de-
cline in sizes of forest and grassland while an increment
in the size of cropland and shrubland was observed. This
clearly indicates land use transformation is dominantly
occurring with the influence of anthropogenic activities.
An assessment on the land use dynamics using
change matrices for the year 2000–2009 (Fig. 9) also con-
firmed significant shifts in vegetation dynamics. Accord-
ingly, there is a substantial transition from the natural
ecosystem (Forest/Shrubland) to human dominated activ-
ities, dominantly cropland.
Figure 9: Change dynamics for the period 2000–2009 (FO-Forest,
CL-cropland, GL-Grassland, SL-shrubland)
4 Discussion
Spatial analysis of vegetation change dynamics is crucial
for monitoring biodiversity reduction, land degradation
and the effects of climate change on vegetation trends. As
human population continue to increase in the study area,
information on vegetation that is spatially comprehensive
and of appropriate resolution is vital for effective monitor-
ing and management of biological resources especially in
Nigeria where conversion of vegetative land use to other
land use is common and reliable information on change in
vegetation trend pattern (phenology) using long-term time
series dataset (AVHRR NDVI3g) is little or non-existing.
The results of this study revealed that there has been
significant increase (positive trends) in overall greenness
during the study period (Fig. 3a) which is in line with the
results of other studies [58, 59] where positive trends are
observed in the sahelian region. Strong correlationwas ex-
hibited between the GIMMS NDVI3g and TAMSAT rainfall
datasets across the study region which indicates that veg-
etation phenological dynamics is closely associated with
the rainfall pattern on the region. Variation in the seasonal
NDVI curve (phenological pattern) for the selected land
cover types are revealed by the results of this study.
The differences observed in the timing of maximum
NDVI peak are determined by the intensity and timing of
rainfall during the period of study. Generally, the duration
Bereitgestellt von | Saechsische Landesbibliothek - Staats- und Universitaetsbibliothek Dresden (SLUB)
Angemeldet
Heruntergeladen am | 07.05.18 16:21
8 | Babatunde Adeniyi Osunmadewa et al.
Table 1: Land cover sizes in 2000 and 2009 (GLC2000 and GLC2009)
Land use type 2000 (%) 2009 (%)
Forest 49.60 44.34
Shrubland 45.12 47.91
Grassland 4.18 2.12
Cropland 0.54 5.20
Water 0.40 0.24
Built up 0.16 0.19
of the raining season in this region is about seven months
(from March to October). Variation at the start and end of
raining season were observed for the selected locations of
this study, which is assumed to have significant effect on
the phenological pattern of vegetation.
Location a of the study area is closely associ-
ated with natural and semi-natural terrestrial vegetation
(woody/shrub), the two classes of vegetation types found
in these location are open broadleaved deciduous wood-
land which accounts for 95.38 %, and broadleaved shrub-
land (closed to open) accounting for 4.17 % of the land
cover area. The location falls within Borgu game reserve
whichwas established in 1975 inBaruten local government
area, this game reserve and its surrounding buffer zone
are protected from illegal logging and encroachment from
farmers. The result revealed an increase in vegetation pro-
ductivity (NDVI) throughout the study period. The length
of growing season (LGS) in 2011 is about 255days (April-
December) and starts earlier as compared with that of
1983. Similar trendwas observed for rainfall where rainfall
lasted for 233 days (March-November) in 2011. Slight varia-
tion in NDVImax was observed for this location (NDVImax
0.74 in 2011 and 0.71 in 1983) as it is protected from en-
croachment. Increased productivity in forested land cover
are reported by other studies [27] which was attributed to
various factors such as decrease in the rate of tree harvest-
ing. However, much research is needed in this location. As
human population increases, demand for food and other
means of livelihood sustenance increase too. This was as-
certainedby the result of locationb of the study areawhere
conversion of shrublands to agricultural land took place.
This location is situated in Edu local government area un-
der zone B of the Kwara state Agricultural Development
Project (ADP). Vegetation green-up (SOS) starts earlier in
1983 (12th April – 4th December) as compared to that of
2011 (21th April – 27th December), although the length of
growing season (LGS) is more prolonged in 2011 (236 and
252 days respectively), this follow similar rainfall pattern
(Fig. 7). Report by Isah and Adeoye [28] showed that this
region had an increase in some agricultural crops such as
maize, sorghum in 2008. Two peak of NDVImax was ob-
served in the seasonal curve of 2011 (in July with NDVImax
of 0.66 and October with NDVImax of 0.67), indicating the
existence of two growing season. The land cover type in
location b is composed of cultivated and managed terres-
trial area accounting for 62.87 % of the total land cover
and shrubland accounting for 37.13 %. Vegetation green-
up (SOS) starts earlier in location c with a difference of
about 3days (March 25 and March 28 for 1983 and 2011 re-
spectively). A difference of about 33 days was observed for
the end of season (EOS) between both years which indi-
cate prolonged greening in 2011 (248 days in 1983 and 281
days in 2011), this can be likened to availability of water
content in soil at the end of the raining season. In loca-
tion d however, difference of 1 day was observed between
the start of season (green-up) in both years, the length of
growing season (LGS) was 259 days in 1983 and 289 days
in 2011, while the length of rainfall is 270 days in 1983 and
277 days in 2011. Location c of the study area is associated
with shrubland while location d is associated with grass-
land. Two peak of NDVImax were observed in these loca-
tions (c and d) one in June and the other in October, al-
though such peak was not observed in the seasonal rain-
fall curve, this may be attributed to other factors such as
conversion of the existing vegetation for agricultural activ-
ities during the growing season. The results of this study
showed that NDVI trends varied considerably among the
selected locations and has a strong relationship with rain-
fall as revealed by other studies [25, 60].
Anthropogenic activities (such as land use land cover
change) also have impact on the shift in phenological
change pattern due to conversion of forestlands into agri-
cultural land (Table 1 and Fig. 9). However, more research
on the land use land cover change is needed for proper
monitoring of the observed change in vegetation phenol-
ogy using high resolution Remote Sensing dataset such
as Sentinel in the future. This study therefore provides an
insight on spatio-temporal analysis of seasonal trends in
vegetation change dynamics in the dry sub-humid region
of Nigeria using NDVI 3g data. The results of this studywill
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serve as a baseline for providing adequate information on
the urgent need for monitoring changes in vegetation phe-
nological pattern which may be used by policy makers for
proper land use management plan and ecosystem moni-
toring in the future.
5 Conclusion
AVHRR NDVI3g dataset from 1983-2011 was used to
monitor change in vegetation phenology over the dry
sub-humid region of Nigeria (Kwara state) and its relation
to climate variable i.e. rainfall. Monitoring change in veg-
etation dynamics is very important in order to understand
terrestrial ecosystem, their response to climatic variability
and the impact of human perturbation. The approach
used in this study was based on previous works by East-
man et al. [42], Neeti et al. [44], Dubovyk et al. [43], Pandy
and Ghimire [26] where STA was used to detect trends
in vegetation dynamics at global and regional scale. In
this study, seasonal trends was derived using greenness
parameters (annual greenness, peak of annual greenness
and timing of annual greenness). Increase in vegetation
greenness was observed during the growing season,
although, variation in minimum and maximum NVDI are
observed in the selected locations. Such variations was
also revealed by the study of Heumman [61]. Significant
positive trends in overall greenness was observed in the
study region while negative trends are also present in
some parts (Fig. 4a). This result is in line with the analysis
of Pandy and Ghimire [26]. Significant negative trends in
peak of annual greenness was observed for some areas
with few pixels showing significant positive trends while
the timing of peak of annual greenness was observed
to occur at the later months of the year (Fig. 3b and c),
similar trend was also observed in the rainfall pattern
(phase 1). Positive trends in peak of annual greenness
(amplitude 1) was revealed by the result of this study
for location b, this is as a result of intensive agricultural
activities (rainfed and irrigated agricultural system) so
as to meet the demand of the ever increasing population
over the last three decades in this region. The traditional
method of land preparation (bush burning) prior to
cultivation on the other hand also give room to the growth
of herbaceous layer which have invariably led to change
in vegetation phenology. Conclusively, the study show
the ability of using NDVI and TAMSAT data, and STA
approach for monitoring change in vegetation phenology
over a long period across different land cover types in
the dry sub-humid region of Nigeria. The spatial pattern
of the regression analysis between NDVI and TAMSAT
rainfall data provided a better understanding of climate
variability on vegetation phenology which shows that the
observed phenological trends are attributed to climate
variability. However, further research on the linkages be-
tween vegetation change dynamics and human-induced
conversion of the landscape for various purposes using
high resolution data such as quick-bird, worldview,
sentinel and demographic data is needed in the future
for proper modeling of land-cover transformation in this
ecological sensitive region.
Conflict of interest:
The authors of this manuscript declare no conflict of inter-
est.
Acknowledgement: The authors are grateful to NASA
Global Inventory Modeling and Mapping Studies group
for making the AVHRR NDVI3g dataset available free of
charge. We thank the University of Reading and Climate
Research Unit of University of East Anglia for providing us
with the rainfall data.We acknowledge support by theGer-
man Research Foundation and the Open Access Publica-
tion Funds of the TU Dresden.We also thank the academic
editor and the two anonymous reviewers for their valuable
comments.
References
[1] Bradley B.A., Jacob R.W., Hermance J.F., Mustard J.F., A curve fit-
ting procedure to derive inter-annual phenologies from time se-
ries of noisy satellite NDVI data. Remote Sens. Environ., 2007,
106, 137–145. doi:10.1016/j.rse.2006.08.002.
[2] Chen X., Pan W., Relationships among phenological growing
season, time-integratednormalizeddifference vegetation index
and climate forcing in the temperate region of eastern China.
Int. J. Climatol., 2002, 22, 1781–1792. doi:10.1002/joc.823.
[3] Reed B.C., Brown J.F., VanderZee D., Loveland T.R., Mer-
chant J.W., Ohlen D.O., Measuring phenological variabil-
ity from satellite imagery. J.Veg. Sci., 1994, 5, 703–714,
doi:10.2307/3235884.
[4] Adole T., Dash J., Atkinson P.M., A systematic review of vegeta-
tion phenology in Africa Ecological Informatics., 2016, 34, 117-
128. http://dx.doi.org/10.1016/j.ecoinf.2016.05.004 .
[5] Suepa T., Qi J., Lawawirojwong S; Messina J.P., Under-
standing spatio-temporal variation of vegetation phe-
nology and rainfall seasonality in the monsoon South-
east Asia. Environmental Research., 2016, 147, 621-629
http://dx.doi.org/10.1016/j.envres.2016.02.005.
[6] Fabiyi O., Change actors’ analysis and vegetation loss from re-
mote sensing data in parts of the Niger Delta region, Journal of
Ecology and the Natural Environment., 2011, Vol. 3(12), pp. 381-
391.
Bereitgestellt von | Saechsische Landesbibliothek - Staats- und Universitaetsbibliothek Dresden (SLUB)
Angemeldet
Heruntergeladen am | 07.05.18 16:21
10 | Babatunde Adeniyi Osunmadewa et al.
[7] Goldewijk K.K. and Ramankutty N., Land cover change over the
last three centuries due to human activities: The availability of
the new global data sets. Geo Journal., 2004, 61:335-344.
[8] Adeofun C.O., Oyedepo J.A, Ogunsesan A.A., Assessment of Hu-
man perturbation of Nigerian terrestrial ecosystems. Proceed-
ings of the 12th CEST International Conference on Science and
Technology in Greece, 2011.
[9] Bino G., Levin N., Darawshi S., van der Hal N., Reich-
Solomon A., Kark S., Accurate Prediction of Birds Species
Richness Pattern in an Urban Environment using Land-
sat derived NDVI and Spectral Unmixing. International
Journal of Remote Sensing., 2008, 29 (13): 3675-3700,
http://dx.doi.org/10.1080/01431160701772534.
[10] Nie Q. and Xu J., The relationship between vegetation cover-
age and climate elements in Yellow River Basin China. Peer-
JPrePrints., 2013, doi.org/10.7287.
[11] Osunmadewa B.A., Wessollek C., Karrasch P., Linear and seg-
mented linear trenddetection for vegetation cover usingGIMMS
normalizeddifference vegetation indexdata in semiarid regions
of Nigeria. Journal of Applied Remote Sensing., 2015, 9, 96029,
http://dx.doi.org/10.1117/1.jrs.9.096029.
[12] Usman B.A and Adefalu L.L., Nigerian forestry, wildlife and pro-
tected areas: Status report. Tropical Conservancy, Biodiversity.,
2010, 11 (3 & 4), pp 44 – 52.
[13] Food and Agriculture Organization of the United Nations (FAO,
ROME)., Global forest resources assessment. 2010 – Main re-
port. FAO Forestry Paper 163. Rome, Italy (2010a).
[14] Aruofor R., Forestry Outlook Studies in Africa (FOSA). A Brief on
the Forestry Outlook Study in Nigeria Ministry of Natural Re-
sources and Tourism, 2001.
[15] Osunmadewa B.A., Csaplovics E., Majdaldin R.A., Adeofun C.O.,
Aralova D., Regional assessment of trends in vegetation change
dynamics using principal component analysis. Proc. SPIE 9998,
Remote Sensing for Agriculture, Ecosystems, and Hydrology
XVIII, 99981Y (2016), http://dx.doi.org/10.1117/12.2242011.
[16] Garonna I., De Jong R., Schaepman M.E., Variability and evo-
lution of global land surface phenology over the last three
decades (1982-2012). Global Change Biology., 2016, 22, 1456-
1468, doi:10.1111/gcb.13168.
[17] Yao Z., Peng C., Li W., Tian L., Zhu Q., Chen H., et al.
Multiple afforestation programs accelerate the greenness
in the ‘Three North’ region of China from 1982 to 2013.
Ecological Indicators., 2016, Vol 61, Part 2, pp 404–412,
doi.org/10.1016/j.ecolind.2015.09.041.
[18] Tian F., Brandt M., Lui Y.Y., Verger A., Tagesson T, Diouf A.A.,
et al.Remote sensing of vegetation dynamics in drylands:
Evaluating vegetation optical depth (VOD) using AVHRR NDVI
and in situ green biomass data over West African Sahel. Re-
mote Sensing of Environment., 2016, Vol 177, pp 265–276,
doi.org/10.1016/j.rse.2016.02.056.
[19] Tucker C.J., Red and photographic infrared linear combinations
for monitoring vegetation. Remote Sens. Environ., 1979,8, 127–
150, https://doi.org/10.1016/0034-4257 (79)90013-0
[20] Rouse J.W., Haas R.H., Schell J.A., Deering D.W., Monitoring the
Vernal Advancement and Retrogradation (Green Wave Effect) of
Natural Vegetation. NASA/GSFC: Greenbelt, MD, USA, 1974.
[21] Aweda E.D. and Adeyewa Z.D., Determination of the Onset
and Cessation of Growing Season in South West Nigeria. 2010
International Conference on Nanotechnology and Biosensors,
IPCBEE., 2011, vol.2 pp 107-108.
[22] Tucker C.J., Townshend J.R.G., Goff, T.E., African Land Cover
Classification Using Satellite Data. Science., 1985, Vol.227,
pp.369-375. DOI:10.1126/science.227.4685.369
[23] Townshend J.R.G. and Justice C.O., Analysis of the dynamics
of African vegetation using the Normalized Difference Vegeta-
tion Index. International Journal of Remote Sensing., 1986, 7:11,
1435-1445. DOI: 10.1080/01431168608948946
[24] Wessollek C., Karrasch P., Osunmadewa B.A., Introducing a
rain-adjusted vegetation index (RAVI) for improvement of long-
term trend analyses in vegetation dynamics. Proc. SPIE 9644,
Earth Resources and Environmental Remote Sensing/GIS Appli-
cations VI., 2015, 96440M, doi:10.1117/12.2192821.
[25] Schmidt H. and Gitelson A., Temporal and spatial vegetation
cover changes in Israeli transition zone: AVHRR-based assess-
ment of rainfall impact. International Journal of Remote Sens-
ing., 2000, pp.997-1010. DOI: 10.1080/014311600210399.
[26] Panday P.K., Ghimire B., Time series analysis of NDVI from
AVHRR data over the Hindu Kush- Himalayan region for the pe-
riod 1982-2006. Int. J. Remote Sens., 2012, Vol 33, No. 21, 6710-
6721, http://dx.doi.org/10.1080/01431161.2012.692836.
[27] Eastman J., Sangermano F., Machado E.A., Rogan J., Anyamba
A., Global Trends in Seasonality of Normalized Difference Veg-
etation Index (NDVI), 1982–2011. Remote Sens., 2013, 5, 4799-
4818, doi: 10.3390/rs5104799
[28] Isah J.H., Adeoye A.O., Application of Geographic Information
System to the effects of climatic variability on sustainable agri-
cultural production in Kwara State of Nigeria. Global Journal of
human social science., 2011, Volume 11 Issue 5 Version 1.0.
[29] Olaoye J.O., Oloruntoyin Z.T., Vegetation Characteristic of Eco-
logical Zonesof KwaraState, Nigeria andResponses toDifferent
Land Clearing Options. Journal of Research Information in Civil
Engineering., 2013, 11 (1):427 – 455.
[30] Annual abstract of statistics (ABS), “National Bureau of Statis-
tics (NBS),” Federal Republic of Nigeria, 2010.
[31] Data worldpop. www.world population.org.uk. (Accessed in
February, 2017).
[32] Akpenpuun T.D., Busari, R.A., Impact of Climate on Tuber Crops
Yield in Kwara State, Nigeria. American International Journal of
Contemporary Research., 2013, Vol. 3 No. 10; 52.
[33] Ameyan O., Ogidiolu O., Agricultural land use and soil degrada-
tion in a part of kwara state, Nigeria. Environmentalist, 1989,
Volume 9, Issue 4, pp 285-290, doi: 10.1007/BF02241829.
[34] Oguntoyinbo J.S., Areola O.O., Filani, M, A geography of Nige-
rian Development, regional conference of the international geo-
graphical union. Heinemann Educational Books (Nig.); 2nd edi-
tion, 1983.
[35] GADM database of global administrative areas. www.gadm.org
(2016). (Accessed in February, 2017).
[36] Pinzon J.E., Tucker C.J., A non-stationary 1981-2012 AVHRR
NDVI3g time series. Remote Sens., 2014, 6(8), 6929–6960.
[37] Zeng F.W., Collatz G.J., Pinzon J.E., Ivanoff A., Evaluating and
quantifying the climate-driven interannual variability in Global
Inventory Modeling and Mapping Studies (GIMMS) Normalized
Difference Vegetation Index (NDVI3g) at global scales. Remote
Sens., 2013, 5, 3918-3950, doi:10.3390/rs5083918.
[38] Tucker C.J., Pinzon J E., BrownM.E., SlaybackD.A., Pak E.W.,Ma-
honey R., et al. An extended AVHRR 8-km NDVI dataset compat-
ible with MODIS and SPOT vegetation NDVI data,” Int. J. Remote
Sens., 2005, 26, 4485–4498.
Bereitgestellt von | Saechsische Landesbibliothek - Staats- und Universitaetsbibliothek Dresden (SLUB)
Angemeldet
Heruntergeladen am | 07.05.18 16:21
Spatio-temporal monitoring of vegetation phenology in the dry sub-humid region of Nigeria | 11
[39] Tarnavsky E., Grimes D., Maidment R., Black E., Allan R.P.,
Stringer M., Chadwick R., Kayitakire F., Extension of the TAMSAT
satellite-based rainfall monitoring over Africa and from 1983
to present. Journal of Applied Meteorology and Climatology.,
2014, 53, 2805-2822, DOI: 10.1175/JAMC-D-14-0016.1.
[40] Bontemps S., Defourny P., Bogaert E.V., Arino O., Kalo-
girou V., Perez J.R., Products description manual. Glob-
cover 2009_PDM_1.0, December 2010.Available on-
line: http://due.esrin.esa.int/globcover/LandCover2009/
GLOBCOVER2009_Validation_Report_2.2.pdf (accessed in
April 2016).
[41] Holben B.N., Characteristics of maximum-value composite im-
ages from temporal AVHRR data, Int. J. Remote Sens., 1986, 7,
1417–1434.
[42] Eastman J.R., Sangermano F., Ghimire B., Zhu H., Chen H., Neeti
N., et al. Seasonal trend analysis of image time series. Int. J.
Remote Sens., 2009, 30, 2721–2726.
[43] Dubovyk O., Landmann T., Erasmus B.F.N., Tewes A., Schell-
berg J., Monitoring vegetation dynamics with medium resolu-
tion MODIS-EVI time series at sub-regional scale in southern
Africa. Int. J. of Applied Earth Observation and Geoinformation.,
2015, 38175-183,https://doi.org/10.1016/j.jag.2015.01.002.
[44] Neeti N., Rogan J., Christman Z., Eastman J.R., Millones M.,
Schneider L., et al.Mapping seasonal trends in vegetation us-
ing AVHRR-NDVI time series in the Yucatán Peninsula, Mexico.
Remote sensing letters., 2012, Vol 3, No.5, 433-442.
[45] Eastman J.R., IDRISI Selva Manual. Clark Labs for Cartographic
Technology and Geographic Analysis, Clark University, Worces-
ter, MA 01610 USA, 2012.
[46] Sen P., Estimates of the regression coeflcient based on
Kendall’s Tau. J. Am. Stat. Assoc., 1968, 63 pp. 1379–1389.
[47] Gilbert R.O., Statistical Methods for Environmental Pollution
Monitoring, Van Nostrand Reinhold Company Inc, New York,
United State of America, 1987.
[48] Hoaglin D.C., Mosteller F., Tukey J.W., Understanding Robust
and ExploratoryDataAnalysis,Wiley Classics Library Edition Ed.
Wiley, New York, 2000.
[49] Parmentier B., Characterization of Land Transitions Patterns
from Multivariate Time Series Using Seasonal Trend Analy-
sis and Principal Component Analysis Remote Sens., 2014, 6,
12639-12665.
[50] Parmentier B., Eastman J.R., Land transitions from multivariate
time series: using seasonal trend analysis and segmentation
to detect land-cover changes. International Journal of Remote
Sensing., 2014, 35:2, 671-692.
[51] Hentze K., Thonfeld F., Menz G., Beyond trend analysis: How
a modified breakpoint analysis enhances knowledge of agri-
cultural production after Zimbabwe’s fast track land reform.
Int. J. Appl. Earth Obs Geoinformation., 2017, 62. 78-87.
http://dx.doi.org/10.1016/j.jag.2017.05.007
[52] Neeti N., Eastman J.R., A Contextual Mann- Kendall approach
for the assessment of trend significance in image time series.
Transactions in GIS, 2011, 15(5): 599-611.
[53] Yue S., Wang C.Y., Applicability of prewhitening to eliminate
the influence of serial correlation on the Mann-Kendall
test. Water Resources Research., 2002, 38(6), 41–47.
http://doi.org/10.1029/2001WR000861.
[54] Fensholt R., Langanke T., Rasmussen K., Reenberg A., Prince S.
D., Tucker C., et al., Greenness in semi-arid areas across the
globe 1981-2007 - an Earth Observing Satellite based analysis
of trends and drivers. Remote Sensing of Environment., 2012,
121, 144–158. http://doi.org/10.1016/j.rse.2012.01.017
[55] Zewdie W., Csaplovics E., Inostroza L., Monitoring ecosys-
tem dynamics in northwestern Ethiopia using NDVI and cli-
mate variables to assess long term trends in dryland veg-
etation variability. Applied Geography, 79, 167–178., 2017
http://doi.org/10.1016/j.apgeog.2016.12.019
[56] Gentine P., D’Odorico P., Lintner B. R., Sivandran G., Salvucci
G., Interdependence of climate, soil, and vegetation as con-
strained by the Budyko curve. Geophysical Research Letters.,
2012, 39(19). http://doi.org/10.1029/2012GL053492 (2012).
[57] Odekunle T.O., Rainfall and the length of the growing season
in Nigeria. International Journal of Climatology., 2004, 24: 467-
479. DOI: 10.1002/joc.1012.
[58] Anyamba A., Tucker C.J., Analysis of Sahelian vegetation dy-
namics using NOAA-AVHRR NDVI data from 1981–2003. Journal
of Arid Environments., 2005, 63 596–614.
[59] Herrmann S.M., Anyamba A., Tucker C.J., Recent trends in veg-
etation dynamics in the African Sahel and their relationship to
climate. Global Environmental Change., 2005, Volume 15, Issue
4, pp 394–404.
[60] Kariyeva J., Von LeeuwenW.J.D.,WoodhouseC.A., Impacts of cli-
mate gradients on the vegetation phenology of major land use
types in Central Asia, 1981–2008. Frontiers of Earth Science.,
2012, Volume 6, Issue 2, pp 206-225.
[61] Heumann B.W., Seaquist J.W., Eklundh L., Jönsson P., AVHRR
derived phenological change in the Sahel and Soudan, Africa,
1982–2005. Remote Sensing of Environment., 2007, 108, pp.
385–392, https://doi.org/10.1016/j.rse.2006.11.025.
Bereitgestellt von | Saechsische Landesbibliothek - Staats- und Universitaetsbibliothek Dresden (SLUB)
Angemeldet
Heruntergeladen am | 07.05.18 16:21
